The Mars Atmosphere and Volatile Evolution (MAVEN) Mission, which operates for slightly over one year to date, has been specifically designed for investigating the upper atmosphere. The Imaging Ultraviolet Spectrograph (IUVS) onboard MAVEN measures spectra of mid-and far UV atmospheric emission, which are used for retrieving vertical density profiles of CO2 and other species. Newly released IUVS/MAVEN measurements of CO2 density in the Martian thermosphere have been used for comparison with the predictions of the Max Planck Institute Martian General Circulation Model (MPI-MGCM). In this study, we focus on the October 2014 campaign in which a total of 122 density profiles were obtained for the period between 18 and 22 October (Ls=216.68-218.94). IUVS nicely covers the thermosphere in the altitude range of 130-220 km. The MGCM demonstrated the sensitivity of simulated density and temperature profiles on (i) solar flux, (ii) atomic oxygen, and (iii) small-scale gravity waves (GWs). It is the only MGCM to date that includes a parameterization of effects of subgrid-scale GWs with broad spectra. The simulations reproduced (within one standard deviation) the available zonal mean density and derived temperature above 130 km. The comparison shows a great role of gravity waves in the thermosphere, and in bringing the simulated density and temperature closer to observations.
Runaway acidification on early Mars triggered by atmospheric evolution *Haruhisa Tabata 1 , Yasuhito Sekine 1 1.University of Tokyo Mineralogical and chemical observational data of sedimentary rocks deposited on early Mars suggest that chemistry of Mars' surface water had shifted from neutral pH (pH~7-9) to highly acidic (pH~2) at around 3.5 billion years ago (Ga) (Bibring et al., 2006; Ehlmann et al., 2011) . One proposed mechanism for this acidification is photo-oxidation of ferrous iron dissolved in surface water (Hurowitz et al., 2010) . When UV light is irradiated to surface water, ferrous iron are oxidized to ferric iron by producing H + with precipitation of Fe 3+ minerals (see Equations 1 and 2 below).
Hurowitz et al. (2010) show that H + produced via this mechanism are quantitatively sufficient to explain the mineralogical and chemical compositions of sedimentary rocks in Meridiani Planum observed by Mars Exploration Rover, Opportunity (e.g., Tosca et al. 2005 Although this mechanism would have promoted acidification at 3.5 Ga on Mars, it remains unsolved why surface water with neutral pH had been maintained before 3.5 Ga, and what the trigger for the acidification was. In this study, we propose a new hypothetical scenario to explain the chemical transition of surface water from neutral to acidic pH by considering positive and negative feedbacks in association with photo-oxidation of ferrous iron.
Ferrous iron has two stable dissolved species; Fe 2+ and Fe(OH) + , depending on pH of water. It has been reported that both species are oxidized when irradiated with UV (< 200 nm). But, Fe(OH) + , which becomes the dominant species at pH > 9, is also oxidized with irradiation of visible light (300-400 nm) (Braterman et al., 1983) . In a thick CO 2 atmosphere (~1 bar) with several ppms of SO 2 , UV light with short wavelength (< 300 nm) is shielded by the atmospheric gas species. In this case, photo-oxidation of Fe(OH) + proceeds in surface water, whereas that of Fe 2+ is limited. In surface water with neutral to alkaline pH, photo-oxidation of Fe(OH) + acidifies the water forming H + . However, the concentration of Fe(OH) + drastically decreases around pH~6.5 via the conversion into Fe 2+ . This decrease in Fe(OH) + concentration, in turn, results in dampening Fe(OH) + photo-oxidation.
Consequently, in a thick atmosphere, pH dependence of Fe(OH) + photo-oxidation works as a negative feedback to maintain surface water pH around neutral.
On the other hand, in a thin CO 2 atmosphere (0.1 bar or less) with < 1 ppm of SO 2 , UV light reaches to the surface water, leading to photo-oxidation of both Fe 2+ and Fe(OH) + in surface water. In this case, even if the concentration of Fe(OH) + in surface water decrease at pH~6.5, acidification proceeds via photo-oxidation of Fe 2+ . As a result, a runaway acidification to highly acidic surface water occurs via this positive feedback.
Here, we discuss the above possibility more quantitatively using the previous laboratory data on Under the assessment process, enhancement of detection performance with applying the microphone array is evaluated under the simulated Martian atmospheric conditions. Experiment outline: An atmospheric condition with 95% of CO 2 component occupies with its atmospheric pressure level of 7 hPa as well as temperature level of -120 degree Celsius like nighttime Martian surface was used for simulating severe environment in the experiment at Chiba Institute ok Technology in January, 2015. Furthermore, We performed a calibration experiment of microphone BBMs in Kochi University of Technology. We call the sound less than 20 Hz that is the lowest limit of the audible sound as the infrasound. Aiming at successful detection of the infrasound signal in the Martian atmosphere in future, we input simulated infrasound signal with audible range sound into the experimental space as calibration basis. Here, we use a vacuum chamber as an rigid container for performing repeated compression/absorption with a small syringe as a small volume with periodically creating slight atmospheric pressure waves as an exact wave pattern.
We assumed this process can make a wave pattern of infrasound for calibrating the microphone BBMs.
Evaluation of a Chaparral Physics Model25 infrasound sensor and microphone BBMs was carried out with simulating 0.1 Hz infrasound with 1 Pa amplitude.
Experimental result: The result of a measurement using the simulated infrasound signal provided a clear spectrum peak of 0.1 Hz frequency with the both sensors. The capacitor type microphone have effective precision better than the infrasound sensor at the 0. layer. These evaluation lead to the conclusion that the Martian soil under a few cm can be the place to support the growth of microbes, if the water activity is higher than 0.6.
We will report the current status of the development of the LDM. We propose to search for cells from a depth of about 5 -10 cm below the surface, which is feasible with current technology.
Microscopic observation has the potential to detect single cells. We have developed the solution and combination of fluorescence pigments to detect organic compounds, and to differentiate organic compounds surrounded by membrane. The subsequent analysis of amino acids, in the following mission, will provide the information needed to elucidate the origin of the cell. Evol. 14, 223-232 (1979 The putative in situ detection of methane by SAM instrument has garnered significant attention.
There are many major unresolved questions regarding this detection: 1) Where is the release location? 2) How spatially extensive is the release? 3) For how long is CH4 released? In an effort to better address the potential mixing and remaining questions, atmospheric circulation studies of Gale Crater were performed with the Mars Regional Atmospheric Modeling System (MRAMS). The model was focused on rover locations using nested grids with a spacing of 330 meters on the innermost grid that is centered over the landing. MRAMS is ideally suited for this investigation. In order to In both cases, the release is assumed to take place near the season when the rise of concentration was first noted (~Ls 336). This is a transitional time at Gale Crater, when the flushing winds are giving way to the more isolated crater scenario. Some preliminary work, including tracer gases into the model, is being performed to establish the amount of mixing during the limited mixing epochs.
Preliminary results may support the idea that during periods of limited mixing, there could be enough time for methane to bind to activated mineral surfaces through wind erosion. illite, smectite, vermiculate and a small number of saponite. We saw no discrete distribution according to the kind of minerals but we found that the distribution of phyllosilicates-bearing minerals strongly connects with erosional areas. We observed that phyllosillicates distribute at the rim, wall, floor, ejecta and around the central peak of the craters. These detected phyllosilicates are interpreted that deposited under the younger crust of the northern lowlands are In our group, we have been developing an atmosphere GCM, DCPAM, which is applicable to planetary atmospheres. By the use of the DCPAM, we have been performed simulations of Martian atmosphere without water cycle. In this study, the simulations of water cycle in the Martian atmosphere are performed by implementing relevant processes in the DCPAM. By performing the simulations, features of water cycle in the Martian atmosphere will be investigated and the model will be validated under a condition of Mars.
The DCPAM used in this study consists of a dynamical core based on the primitive equation system and physical processes relevant to Martian atmosphere. The dynamical core solves the primitive equation system by the use of spectral transform method with the finite difference method in vertical direction. The included physical processes are the radiation, the turbulent mixing, the surface processes, the CO2 and H2O condensation, and gravitational sedimentation. In the model, the radius of cloud particles is assumed to be a constant. By the use of a "Mars mode" of this model, several experiments have been performed. In the experiments, the dust distribution in the atmosphere is prescribed. In the vertical direction, the Conrath-type distribution is assumed. In the horizontal direction, the optical depth is prescribed following observations. In order to simulate water cycle, large amount of water ice is placed north of 80N. Further, the surface temperature south of 85S is fixed to 145 K to represent a permanent CO2 ice cap. Those H2O and CO2 ices at southern and northern high latitude regions act as source and sink of the water. The resolutions used for this study is T21L36, which is equivalent to about 5.6 degrees longitude-latitude grid and has 36 vertical levels. Under these conditions, the model is integrated The Martian dust influences atmospheric thermal structure (e.g. Liu et al., 2003) . Some research groups have made efforts simulating the Martian dust cycle with general circulation models (e.g. et al., 2002 , Basu et al., 2004 , Kahre et al., 2006 . We also implemented two dust lifting schemes into DCPAM (Takahashi et al., 2014) which is a general circulation model developed by our group: One is the lifting scheme with model resolved wind stress, and the other is the scheme with model unresolved vortices such as dust devils. And, we performed diagnostic experiments of the lifted dust flux with these schemes (Ogihara et al., 2014) . Characteristics of the lifted dust flux of this result are roughly consistent with those of previous studies. But, because the behavior of dust lifting schemes is complex due to topography, we could not completely understand how the lifted dust flux distribution is decided. In order to understand effects of topography on the behavior of the dust devil lifting scheme, in the work we perform two diagnostic experiments of dust lifting with the flat topography and zonal mean topography. And, we compare the results of the experiment used the flat topography with those of used the zonal mean topography.
Newman
The model utilized is DCPAM. DCPAM adopts three dimensions primitive equations. The radiative scheme by Takahashi et al.(2003 Takahashi et al.( , 2006 is used. This includes the radiative effects of gaseous CO2 and dust. And, dust distribution is spatially and temporally fixed. The turbulent process is expressed by using vertical diffusivity based on Mellor and Yamada (1982) . The surface process is expressed based on Beljaars and Holtslag (1991), Beljarrs (1994) . We employ a dust devil lifting scheme used by Newman et al. (2002) . This scheme calculates the lifted dust flux intensity with the surface sensible heat flux and the thermodynamic efficiency, which depends on the depth of the convective layer. The horizontal discretization is the spectral method, and the truncation wavenumber is 21. The vertical discretization is the finite difference method, and the number of levels is 36. We integrate 4 Mars years, and use the last 1 Mars year for analysis. We investigate about two regions: latitude 25N degree and 25S degree. And, we focus on the season during the spring and summer in each hemisphere, when dust is intensely lifted. We perform two diagnostic experiments of the lifted dust flux with fixed a surface distribution of thermal inertia and albedo. One is the experiment with flat topography (Case F) and the other is with zonal mean topography (Case Z).
First, results for regions around 25N degree are as follows. The zonal mean lifted dust flux of Case Z is smaller than that of Case F. Thermal budget analyses show that the heating the upper layer due to the convective adjustment of Case Z is less effective and meridional circulation is weaker as compared to Case F. So, the lower atmosphere of Case Z is more stable than that of Case F and the surface sensible heat flux of Case Z is less intensive than that of Case F. Therefore in Case Z the dust devil lifting is less active than that in Case F.
Second, results for regions around 25S degree are as follows. The zonal mean lifted dust flux of Case Z is greater than that of Case F. Thermal budget analyses show that the heating the upper layer due to the convective adjustment of Case Z is more effective and meridional circulation is more intensive as compared to Case F. So, the lower atmosphere of Case Z is more unstable than that of Case F and the depth of the convective layer of Case Z is larger than that of Case F. Therefore in Case Z the dust devil lifting is more active than that in Case F.
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These results indicate that if the convective adjustment heats the upper layer and meridional circulation enhances, the dust devil lifting intensify.
In the future, we will investigate what does observed topography effect on the dust devil lifting. In order to investigate the global distribution of small-scale GWs in the Martian atmosphere, we have conducted the first simulations with a high-resolution MGCM, using the DRAMATIC (Dynamics, RAdiation, MAterial Transport and their mutual InteraCtions) MGCM [e.g., Kuroda et al., 2005 Kuroda et al., , 2013 . The MGCM was run at the T106 spectral truncation, which corresponds approximately to a 1.1 o x 1.1 o (or ~60 km) horizontal resolution. In the vertical direction, the model domain extends from the surface to ~80-100 km and is represented by 49 sigma-levels. Such setup allows for realistically capturing generation and propagation of GWs with horizontal wavelengths of ∼180 km and longer and, to some extent, their vertical attenuation due to nonlinear processes. We considered horizontal-scale fluctuations with a total wave number of larger than 60 (horizontal wavelengths of less than ~350 km) as GW-induced disturbances.
We investigated the spatial distributions of potential and kinetic energies associated with GW activity in the northern winter solstice. The simulated GW potential energy distribution is in a good agreement with available radio occultation data [Creasey et al., 2006] ), which tends to close the simulated jets. Effects of horizontal propagation of GWs on the acceleration are much smaller than those of vertical propagation, and the results of acceleration rates are comparable to those obtained from the application of the GW parameterization by Yigit et al. [2008] , which considers only the vertical propagations of a broad spectrum of GWs.
The results represent a realistic surrogate for missing observations, which can be used to further constrain existing GW parameterizations and validate GCMs. Also the observational investigations of GW signatures in the thermosphere by the MAVEN mission would help better understand propagation and
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